we treated 1024 patients who had glioma with stereotactic implantation of iodine-125 seeds and SBT in accordance with a prospective protocol. For the present analysis, we selected 95 of 277 patients with LGG, in whom SBT was applied to treat progressive (43 patients) or recurrent (52 patients) tumor after resection. At 24 months after seed implantation, the tumor response rate was 35.9%, and the tumor control rate was 97.3%. The median progression-free-survival (PFS) duration after SBT was 52.7 + + + + + 7.1 months. Five-year and 10-year PFS probabilities were 43.4% and 10.7%, respectively. Malignant tumor transformation, the diagnosis "astrocytoma," and tumor volume >20 mL were significantly associated with reduced PFS. Tumor progression or relapse after SBT (53 of 95 patients) was treated with tumor resection, a second SBT, chemotherapy, and/or radiotherapy. The median overall survival duration (from the first diagnosis of LGG until the patient's last contact) was 245.0 + + + + + 4.9 months. Patients still under observation after seed implantation had a median follow-up time of 156.4 + + + + + 55.7 months. Perioperative transient morbidity was 1.1%, and the frequency of permanent morbidity caused by SBT was 3.3%. In conclusion, SBT of recurrent or progressive LGG after resection located in functionally critical brain areas has high local efficacy and comparably low morbidity. Referred to individually adopted glioma treatment concepts SBT provides a reasonably long PFS, thus improving overall survival. In selected patients, SBT can lead to delays in the application of chemotherapy and/or radiotherapy.
The purpose of this study was to assess the impact of stereotactic brachytherapy (SBT) on survival time and outcome when applied after resection of low-grade glioma (LGG) of World Health Organization grade II. From January 1982 through December 2006 we treated 1024 patients who had glioma with stereotactic implantation of iodine-125 seeds and SBT in accordance with a prospective protocol. For the present analysis, we selected 95 of 277 patients with LGG, in whom SBT was applied to treat progressive (43 patients) or recurrent (52 patients) tumor after resection. At 24 months after seed implantation, the tumor response rate was 35.9%, and the tumor control rate was 97.3%. The median progression-free-survival (PFS) duration after SBT was 52.7 + + + + + 7.1 months. Five-year and 10-year PFS probabilities were 43.4% and 10.7%, respectively. Malignant tumor transformation, the diagnosis "astrocytoma," and tumor volume >20 mL were significantly associated with reduced PFS. Tumor progression or relapse after SBT (53 of 95 patients) was treated with tumor resection, a second SBT, chemotherapy, and/or radiotherapy. The median overall survival duration (from the first diagnosis of LGG until the patient's last contact) was 245.0 + + + + + 4.9 months. Patients still under observation after seed implantation had a median follow-up time of 156.4 + + + + + 55.7 months. Perioperative transient morbidity was 1.1%, and the frequency of permanent morbidity caused by SBT was 3.3%. In conclusion, SBT of recurrent or progressive LGG after resection located in functionally critical brain areas has high local efficacy and comparably low morbidity. Referred to individually adopted glioma treatment concepts SBT provides a reasonably long PFS, thus improving overall survival. In selected patients, SBT can lead to delays in the application of chemotherapy and/or radiotherapy.
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T he management of low-grade glioma (LGG; ie, diffuse astrocytoma [LAA] , oligodendroglioma [LOG] , and mixed oligoastrocytoma [LOA] of World Health Organization [WHO] grade II) has been controversial. Therapeutic options include stereotactic biopsy and subsequent radiological monitoring, resection, radiation therapy (RT), and chemotherapy. 1, 2 In most cases, infiltrative growth of these tumors and/or their location in functionally critical brain areas hinder curative surgery. The median duration of survival for patients with LGG is 7-8 years. 3 Among other factors, one factor complicating the therapeutic management of these patients is malignant tumor progression, which occurs in the majority of patients within 3 -6 years after diagnosis. 4 Stereotactic brachytherapy (SBT) with 125 iodine ( 125 I) seeds enables long, protracted, focused irradiation at low doses. It has been shown in a small number of institutional case series to be a valuable tool for first-line treatment of small and circumscribed LGGs that are well delineated (according to computed tomography [CT] and/or magnetic resonance imaging [MRI] criteria) but not accessible for tumor resection due to their location. 5, 6 WHO grade II glioma is preferentially diagnosed in younger patients and can be perceived as a chronic disease. 7 Thus, postponing chemotherapy or RT, for which repeated application is hindered by severe side effects, by combining SBT with tumor resection may be a promising therapeutic concept.
In the present study, we retrospectively analyzed data for 95 patients who were treated with SBT according to a prospective treatment protocol for recurrent or progressive tumor after surgical resection of LGG. The primary objective of this analysis was to assess the impact of SBT on progression-free-survival (PFS) and survival after SBT, as well as overall survival (ie, time from first diagnosis of a glioma to the last follow-up visit). In addition, we recorded the clinical outcome and analyzed covariates with regard to their impact on PFS after SBT.
Patients and Methods

Patients
From January 1989 through December 2006, a total of 977 patients were treated at the Department of Stereotaxy and Functional Neurosurgery, University Hospital, Cologne, Germany, with 125 I-seeds and SBT for a cerebral glioma. Another 47 patients were treated with the same methodology by one of us (V.S.) during the years 1982 -1989 at the German Cancer Research Centre in Heidelberg. All patients, who had given informed consent in writing, were selected for SBT on the basis of the same inclusion criteria: Karnofsky performance score (KPS) ≥60, well-defined tumor borders on CTs or MRIs, tumor diameters ≤50 mm (prior to year 1995) or ≤40 mm (since year 1995), tumor location in functionally critical brain areas, and tumor progression. In most cases, SBT was applied as firstline treatment. For the present analysis, we considered data only for patients who underwent SBT for recurrent or progressive residual WHO II glioma after neurosurgical tumor resection (98 of 271 patients with LGG). Three of 98 patients were excluded because of incomplete follow-up documentation.
Patient Evaluation
The follow-up protocol prescribed regular neurological and radiological examinations in 3-month intervals during the first year after seed implantation and in 6-month intervals thereafter. For the present update, missing data were obtained from patient records or by telephone interviews. In patients with neurologic sequelae caused by SBT, we rated the degree of permanent or transient impairment on the basis of a modified Rankin scale. 10 -12 Radiological follow-up was mainly CT based in 43 patients and completely MRI based in 52 patients. Maximum tumor diameters were measured on at least 2 different reconstruction planes of follow-up CTs or /MRIs. The maximum diameter (d) was used to calculate tumor volumes (V) according to the formula V ¼ p/6d 3 . To classify the response to therapy, we considered the smallest tumor volume documented within 24 months after seed implantation. We used diameters instead of true volumetric analysis because this method was applied for radiological analysis prior to the year 1996. McDonald criteria were modified in such a way that not only contrast enhancement but also other signal changes on CTs (reduced intensity) or T2-weighed MRIs (increased intensity) suspicious for tumor were considered when tumor response was evaluated. 13 In addition, we co-registered follow-up CTs or MRIs with treatment planning data to colocalize image changes with tumor extension prior to SBT and dose distribution. The biological significance of radiological findings indicative of active tumor (ie, new contrast enhancement and/or edema beyond the therapeutic isodose) was determined by resection or biopsy or noninvasively by PET imaging. 14 We classified new contrast enhancement inside a tissue volume enclosed by the therapeutic isodose as blood-brain-barrier (BBB) breakdown caused by SBT if these tumors did not progress within 6 months after this finding.
Stereotactic Brachytherapy Methods
In general anesthesia, a modified Riechert-Mundinger stereotactic frame was fixed on the patient's head, and an intraoperative stereotactic CT examination was performed. Prior to January 1996, tumor borders were defined on CTs only. After that date, CT data were combined with images from preoperative MRIs. For image processing and CT-based/MRI-based 3D treatment planning, we used dedicated software (STP; Stryker-Howmedica). 5 Activities (median activity per patient, 12 + 6.7 mCi) and numbers of the seeds (median number per patient, 4 + 3; GE Healthcare Buchler), as well as entrance and target points for seed implantation, were chosen according to the 3D tumor outline, which had to be encompassed by the therapeutic radiation dose. For SBT, 125 I-seeds were loaded into double-layered Teflon catheters (Best Medical International). After stereotactically guided implantation, each seed-catheter was fixed with a titanium clip and methylacrylate (Palacos; Biomet) in the 8-mm trephination borehole. Stereotactic x-rays taken in the operating room documented the seed position. 15 A cumulative therapeutic tumor surface dose ranging from 50 to 65 Gy was delivered within 9 months (initial dose rate, 0.7 Gy/day).
Statistical Methods
The date of the last follow-up was 31 March 2010. The reference point of the current study was the date of seed implantation. End points for survival analysis were date of tumor progression after SBT and patient death, irrespective of its cause. 9, 16 Data were analyzed with SPSS for Windows statistical software, version 18.0 (SPSS Inc). The independence of variables was examined using the x 2 test procedure (significance level, P , .05). With use of the Kaplan-Maier method, we calculated overall survival (ie, time from first diagnosis until death or last follow-up), survival after seed implantation (ie, time from surgery until death or last follow-up), and PFS after seed implantation (ie, time from surgery until treatment and/or diagnosis of tumor relapse or progression). 17 In addition, we performed univariate analysis (by log-rank test; significance level, P , .05) and multivariate analysis (by Cox proportional hazards model, likelihood-ratio statistic, and forward selection) to determine possible covariates with impact on PFS. 18, 19 Data other than survival times are listed as median values together with standard deviations. Survival times are given as median values together with standard error and 95% confidence interval (CI). Tables 1 and 2 list the characteristics of 95 patients with WHO grade II glioma analyzed in the present study. The variables age, tumor volume, and KPS at seed implantation were not significantly different among patients with LAA (69 patients), LOA (14 patients), or LOG (12 patients) ( Table 3 ). In 52 of 95 cases, we treated a recurrent tumor after macroscopically complete tumor resection (median time from first surgery to 125 I-seed implantation, 17 months; range, 3 -171 months); radicality of resection was classified by neurosurgeons and/or radiologists admitting the patient for SBT. In these patients, we performed stereotactic biopsy together with seed implantation, which confirmed the first histological diagnosis in all cases. Forty-three of 95 patients underwent SBT for progressive residual tumor after incomplete tumor removal (median time from surgery to 125 I-seed implantation, 4 months; range, 1 -8 months). Three patients with LGA had already been treated with external beam radiotherapy (EBRT) (radiation dose, 56 Gy).
Results
Patient Characteristics
Tumors were located in functionally critical hemispheric brain territories in 92.6% of patients, in midline structures of the brain in 5.3% of patients (diencephalon/basal ganglia, 2.1%; brainstem, 2.1%; and ventricle/septal area, 1.1%), and in the posterior fossa in 2.1% of patients. Seventeen (17.9%) of 95 patients underwent SBT for a tumor extending into a second brain area adjacent to the main tumor location.
Perioperative Mortality and Morbidity
There were no surgery-related fatal events (perioperative mortality rate, 0%). The rate of perioperative transient morbidity was 1.1% (1 patient had cerebrospinal fluid (CSF) fistula and spontaneous occlusion after temporary lumbar CSF drainage). The 5-year PFS probability was 43.4%, and the 10-year PFS probability was 10.7%. For patients with progressive tumor, 5-year and 10-year PFS estimates were 48.0% and 0%, respectively; for patients with a tumor relapse, the values were 38.7% and 9.7%, respectively. When stratified for tumor type, the median PFS was 42.0 + 5.8 months for LAA, 68.0 + 15.7 months for LOG, and 62.1 + 18.8 months for LOA. The median follow-up time for 42 patients without tumor relapse or progression after SBT was 138.7 + 60.0 months (range, 51.7-275.1 months).
Forty-four of 53 patients with tumor relapse after SBT were treated with either tumor resection, RT, a second round of SBT, chemotherapy, or combinations of these treatment modalities. In 3 of 12 patients, salvage therapy was not performed because of bihemispheric tumor extension (2 patients) or spinal tumor dissemination (1 patient). Two of these 12 patients decided against salvage therapy (one patient had hemiplegia after first tumor resection, and the other patient made this decision for personal reasons). In 4 patients, clinical follow-up after the diagnosis of tumor relapse was incomplete. Table 4 lists different salvage therapies with respect to tumor location, and Table 5 presents the number of patients treated with different salvage therapy regimens.
Malignant tumor transformation was verified by resection or biopsy in 27 (50.9%) of 53 patients who had glioma relapse or progression after SBT (WHO grade III anaplastic astrocytoma, 22 patients; WHO grade III anaplastic oligoastrocytoma, 4 patients; and WHO grade III anaplastic oligodendroglioma, 1 patient). The proportion of patients with malignant transformation was almost equally distributed between those who received SBT for recurrent tumor (16 of 27 patients) and those treated for a tumor progression (11 of 27 patients). All deaths occurred 86 -274 months after seed implantation. Twenty (21.1%) of 95 patients died of brain tumor, 3 of whom died of a new brain tumor remote from primary tumor location, and 2 (2.1%) of 95 patients died of causes unrelated to brain tumor. In 7 (7.4%) of 95 patients, we could not determine the cause of death. Fifteen of 29 events occurred in the group treated with SBT for progressive tumor, and 14 of 29 events occurred in the group treated for a tumor relapse.
Prognostic Factors
Univariate analysis of covariates showed that neither sex, age, KPS, treatment volume, treatment date (treatment planning was CT based prior to January 1996 or MRI based since January 1996), tumor status, nor tumor extension did prove to be of significance for PFS ( Table 6 ). The PFS of patients with LAA was significantly shorter (37.2% at 5 years) versus that for patients with LOG (75.0% at 5 years; P ¼ .027) (Fig. 3) . Differences in survival times did not reach statistical significance when patients with LOA (5-year PFS, 51.1%) were compared with patients with LAA (P ¼ .42) or LOG (P ¼ .1448). The variable malignant tumor progression was statistically significant associated with reduced PFS (P , .001). Median PFS after SBT was iodine seeds and stereotactic brachytherapy for low-grade glioma after tumor resection (in 95 patients). 36.8 + 7.0 months (95% CI, 23.1 -50.5 months) in patients with malignant tumor transformation and 81.6 + 12.6 months (95% CI, 56.9 -10.4 months) in patients without a malignant tumor phenotype (Fig. 4) . After multivariate analysis using the same covariates as for univariate analysis factors associated with reduced PFS were malignant tumor transformation and tumor volume .20cc (Table 7 and Fig. 4 ).
Clinical and Radiological Course
Radiological follow-up after SBT was complete for 92 of 95 patients. Within the first 24 months after seed implantation, 11 (12.0%) of 92 patients responded with complete tumor remission, and 22 patients (23.9%) responded with partial remission (tumor response rate, 35.9%). SBT had stabilized the tumor growth in 57 cases (62.0%). The local tumor control rate was 97.9%. Two patients (2.1%) presented with tumor progression ≤6 months after seed implantation. In 15 patients (16.3%), we registered an early tumor relapse 11 -24 months after seed implantation.
CTs or MRIs displayed new contrast enhancement inside the irradiated target volume in 67 (72.8%) of 92 patients. Eight of these tumors progressed within 6 months after documentation of new tissue staining. In the remaining 59 patients (64.1%), contrast enhancement was supposed to be caused by SBT. When follow-up images were coregistered with treatment planning images, radiogenic BBB breakdown projected onto isodose lines (radiation dose after SBT) ranging from 150 to 200 Gy. The median time from seed implantation to first documentation of radiogenic BBB breakdown was 9.1 + 11.4 months.
In 90 patients, radiological findings could be correlated with the clinical course. Progressive radiogenic BBB (ie, contrast enhancement plus perilesional edema with mass effect) occured in 8 of 90 patients in association with deterioration of their neurological status. The deterioration was transient in 5 of 90 patients (transient morbidity rate, 5.6%) and permanent in 3 of 90 patients (permanent morbidity rate, 3.3%) ( Table 8 ). In 3 of 8 patients with symptomatic radiogenic BBB breakdown, tumor volumes treated with SBT were ≤20 mL and in 5 of 8 patients .20 mL.
Twenty (21.0%) of 92 patients developed cysts in immediate vicinity to the tissue volume treated with SBT. In 7 patients with cysts, we registered rapid progression of solid tumor parts. Another 10 patients (10.9%) with stable cyst volume received no specific 
Discussion
Survival after SBT
We retrospectively analyzed 95 patients who received SBT to treat recurrent or progressive residual LGG after tumor resection located in functionally critical hemispheric or subcortical brain areas. Schnell et al. 20 first investigated, in a prospective pilot study, the efficacy of combined microsurgery and SBT as first-line treatment for LGG with diameters exceeding 4 cm and complex tumor location. The primary aim of tumor resection performed in 18 of 31 patients (the de novo group) was reduction of larger tumor volumes to a size suitable for SBT. Patients in the de novo group were compared with 13 patients who underwent immediate SBT for small (diameter, ,4 cm) recurrent LGG (control group). The 5-year PFS after SBT was 72% in the de novo group and 62% in the control group. 20 Given that patients in the de novo group were roughly comparable to those patients treated in the here-presented series with SBT for progressive tumor, and given that patients in the control group were comparable to those with recurrent tumors, then the actual PFS rates at 5 years are substantially lower (48.0% and 38.7%, respectively). One plausible explanation for this discrepancy may be the different treatment volumes in the 2 series. Although, in the study by Schnell et al., 20 the median tumor volume treated with SBT was 9 mL, patients of the here-analyzed cohort had median tumor volumes of 26.0 mL (tumor relapse) or 17.8 mL (progressive tumor). Kreth et al. 7 reported that the variable tumor volume was a significant predictor for survival after de novo SBT of a LGG in the long-term run. Patients with tumor volumes exceeding 20 mL had a 5-year PFS probability of 41%, which is roughly comparable to the results presented here. However, if only patients in the present study who have smaller tumors (volume of ≤20 mL) are considered, then the 5-year survival rates of 68% are very close to the survival data published by Schnell et al. 20 Another comparison group for patients of the present analysis is patients treated with EBRT for supratentorial LGG after surgery. In a phase III study performed by the North Central Cancer Treatment Group (NCCTG), the Note: The degree of permanent or transient impairment is rated according to a modified Rankin scale. Modified Rankin scale is as follows: 0 ¼ no symptoms at all; 1 ¼ no significant disability despite symptoms, able to carry out all usual duties and activities; 2 ¼ slight disability, unable to carry out all previous activities, but able to look after own affairs without assistance; 3 ¼ moderate disability, requiring some help, but able to walk without assistance; 4 ¼ moderately severe disability, unable to walk without assistance and unable to attend to own bodily needs without assistance; 5 ¼ severe disability, bedridden, incontinent, and requiring constant nursing care and attention; 6 ¼ dead. ID, patient identification. Radiation Therapy Oncology Group (RTOG), and the Eastern Cooperative Oncology Group (ECOG), the median PFS was 5-5.5 years and the 5-year PFS was 47% -55%, which is roughly comparable to the data presented here (4.4 years and 48% after SBT, respectively). 9 The median survival time after SBT, however, was 19.8 years, which is much longer than after EBRT (6 -9.8 years). 9 Moreover, the corresponding Kaplan-Meier curve (Fig. 2) exhibits a pattern that, due to a hyperbolic course in its first part, is atypical for long-term analysis of LGG. 3, 7 Furthermore, survival data reported in the European Organisation for Research and Treatment of Cancer (EORTC) study for LGG after tumor resection and percutaneous RT are much shorter than in the present analysis. Even after stratification for prognostic factors, the median survival duration for patients belonging to groups with a very low risk (score, 0 or 1) was comparably lower ( 108 months). 21 One possible explanation for these differences may be that our data reflect the effect of various salvage therapies (ie, SBT, resection, EBRT, and chemotherapy) individually adopted to the patients over many years rather than the effect of a prospectively applied, fixed treatment schedule. In the present study, deaths did not occur until 86 -273 months after 125 I-seed implantation, which may in part explain both the unusual long survival time and the atypical Kaplan-Meier survival curve. However, if this observation is an effect of individually adopted glioma therapy integrating STB as treatment modality, or of a not yet determined selection factor biasing the outcome, needs further clarification in the future.
Factor Analysis
According to one of the most comprehensive analyses in this field, which used data for 621 patients with LGG from 2 EORTC studies, age .40 years, astrocytoma, tumor diameter .6 cm, tumor crossing the midline, and presence of neurologic deficits before surgery were unfavorable prognostic factors for survival. 21 In the NCCTG/ECOG/RTOG phase III trials of EBRT, significantly better survival was associated with oligodendroglioma or oligo-dominant mixed tumor histology, small tumors (,5 cm), and/or young age (age, ,40 years). 9 In a "BEST" model of survival and PFS after de novo SBT in LGG (A "BEST" model contains only variables that were significantly associated with the chosen endpoints after adjustment for effects of other variables in the model), Kreth et al. 7 identified the variables age .50 years, KPS ,90, tumor volume .20 mL, and contrast staining on CTs as negative predictors.
In the present study, univariate analysis of covariates revealed that 2 variables had significant influence on survival. First, patients with astrocytomas had significantly shorter PFS rates (estimated 5-year PFS rate, 37.2%) than did patients with oligodendrogliomas (estimated 5-year PFS rate, 75.0%). This result resembles the findings from the EORTC study analysis and the NCCTG/ ECOG/RTOG phase III trials of EBRT. who used MRI-based treatment planning for seed implantation in 31 patients, reported only minor complications for 2 cases (seed dislocation and minor headache). When stereotactic biopsy and seed implantation were performed on the basis of CT in 499 patients, perioperative mortality and morbidity rates were 0.9% and 1.8%, respectively. In 4 cases from that study, adverse events were clearly related to the biopsy. 6 The aim of SBT is the circumscribed destruction of tumor tissue through application of a necrotizing radiation dose. Exposure of a particular tumor volume to doses .200 Gy causes specific tissue changes, such as necrosis and BBB breakdown inside the treated tumor, which in turn can lead to characteristic image changes on follow-up CTs and/or MRIs. 22, 23 In the present study, the frequency of radiogenic image changes was 64.1% for a margin prescription dose of 50 -65 Gy. Image changes developed in 5.6% of the patients concurrently with transient and in 3.3% concurrently with permanent deterioration of their clinical status. In all symptomatic patients, radiogenic BBB breakdown was associated with perilesional white matter edema exerting mass effect on surrounding brain tissue. Kreth and colleagues determined the risk of SBT using data from 515 patients with LGG. Depending on the margin prescription dose (60 Gy for temporary implants vs 100 Gy for permanent implants), the rates of transient radiogenic complications were 5.6% and 5.3%, respectively; for progressive clinical deterioration, the rates were 0.8% and 3.6%, respectively. Clinical symptoms occurred coincidently with progressive radiogenic image changes. According to univariate analysis, larger values for treatment volume, volume of tissue encompassed by 200 Gy, volume of the 60 Gy isodose outside the target volume, reference dose, and the number of implanted sources were statistically significant associated with higher toxicity. 6 Interestingly, data on toxicity after SBT are also consistent with those derived from EBRT studies. The NCCTG/ ECOG/RTOG phase III trials of EBRT report a 2-year actuarial incidence of grade 3 -5 radiation necrosis of 2.5% for 50.4 Gy and of 5.0% for 64.8 Gy. 9 Limitations of the study and summary
To our knowledge, the present study includes the largest reported group of patients (n ¼ 95) treated with SBT after resection of LGG to date. A weak point of this study is the retrospective data analysis, which is balanced only to a certain degree by the prospectively applied patient selection and treatment protocol. In addition, the comparably high KPSs in the patients and the fact that gliomas treated with SBT had well-defined tumor borders on CTs/MRIs may have positively biased the presented results. Moreover, the 24-year treatment interval can be considered a bias, because early CT-based treatment planning versus more recent MRI-based treatment planning and assessment of treatment effects and technical improvement of EBRT and/or microsurgery over time can create "different" patients in the same cohort. On the other hand, a long observation interval is necessary for a realistic display of the longterm courses for these patients.
Despite these objections, we emphasize the following points. Both tumor resection and SBT are able to destroy viable tumor tissue effectively. The maximum degree of resection, however, is determined by the infiltrative growth pattern of LGG and/or by tumor location. When, in large case studies, the radicality of surgery was quantified by volumetric analysis, gross total tumor resection of an LGG was possible in ,50% of patients (range, 15%-47%; mean, 29%). 16,24 -27 On the other hand, the main factor limiting the application of SBT is tumor size. 7 Thus, the combination of SBT with resection as first-line therapy seems logical. 20 Low-grade astrocytomas have a tendency to undergo malignant progression to WHO grade III or grade IV glioma. 28 The risk increases with survival time. 7 Because tumor tissue or cells left in situ are the main source of malignant tumor recurrence, then high local therapeutic radicality, which can theoretically be increased when resection and SBT are combined, may minimize this particular risk. 29 Another argument in favor of integration of SBT into a treatment concept for LGG is the fact that it postpones the use of RT and/or chemotherapy, preserving these measures for recurrent tumors. As shown by the present analysis, individually adopted and repeated application of different treatment options may substantially increase the overall survival rate among patients with LGG.
